Introduction {#sec1-1}
============

X-ray is electromagnetic radiation produced outside of a nucleus. It has an energy lower than γ-ray. X-ray mainly is produced artificially; the major application of x-ray is in medicine \[[@ref1]\]. Ionizing radiation can ionize atoms by removing an electron from their orbits producing ions with positive charge and free electron with negative charge. Ionizing radiation includes the radiation that comes from both natural and man-made radioactive materials \[[@ref1]\].

Both low and high doses of ionizing radiation can harm living cells depending on the amount of the dose, dose rate, sex, age, and the type of the target. If the ionizing radiation interacts directly with critical targets for example with DNA, the mechanism is called direct interaction. The process by which ionized radiation interacts with water inside a cell, producing both ions and free radicals is called indirect interaction \[[@ref2]\].

Health physics, radiological health, or radiological engineering are concepts used in the field of public health and environmental health engineering which deal with the use of ionizing and nonionizing radiation safely to avoid any biological effects of the radiation on humans. The health physicist is responsible for safety aspects in the design of processes, equipment, and facilities utilizing radiation sources and the safe disposal of radioactive waste so that radiation exposure of personnel will be minimized and will at all times have acceptable limits; they must keep personnel and the environment under constant surveillance in order to ascertain that these designs are indeed effective. If control measures are found to be ineffective or if they break down, the health physicist must be able to evaluate the degree of hazard and make recommendations regarding remedial action \[[@ref2]\].

All cells and tissues of human body do not have the same radiosensitivity; some of them are radiosensitive while others are radioresistance \[[@ref3]\]. Hematopoiesis is one of the most radiosensitive systems to radiation. It was considered that peripheral blood count is suitable to use as bio indicator to estimate damage from ionizing radiations \[[@ref4]\].

Recently, the use of ionizing radiation in medicine has increased,thus it is expected to increase the number of x-ray technicians. Diagnostic technicians not using radiation protection tools for low doses of x-ray during their working days were observed at the hospitals while we did the study.

Any variation of blood cell count in human may lead to suspicion of disease. In numerous studies the importance of blood cell count was explained through the effects of partial or total body irradiation on peripheral blood cell count and most of the studies were focused on high dose radiation received accidentally or therapeutically \[[@ref5],[@ref6]\]. While many studies were conducted on the risks of high-dose radiation, the insufficient information on the radiation takes a risk on technicians working at the clinical radiology departments especially the probable change in the basic hematological parameters such as red blood cells, (RBCs), white blood cells (WBCs) and platelets count that can be used in the determination of the harmful effects of x-ray radiation.

The present study is conducted in Kirkuk hospitals and aims to study the long-term effect of x-ray on technicians blood while measuring lymphocytes, reactive lymphocytes and their morphology.

Material and Methods {#sec1-2}
====================

The sample size was 54 healthy male technicians of x-ray working at Kirkuk hospitals and 54 healthy male selected as the control group. The effects of x-ray on lymphocyte parameters were done in two different ways; the first, the technicians were divided into two groups according to their work experience at the hospital, one of the group has experience (1 to 7) years with average working hours (7 hours/day) and it involves 29 technicians with the average age of 39 years and 29 volunteers with the average age of 35 years, the second group has experience (8 to 21) years with average working hours (6 hours/day), 25 diagnostic technicians with average age of 41 years and 25 controls with average age of 39 years included.

The second division was depended on the number of working hours per day, in this case the technicians divided into three groups: the first group worked (1 to 6) hours/day, this group is included 13 technicians with the average age of 38 years and 13 controls with the average age of 34 years. The second group worked 7 hours/day, there are18 technicians with the average age of 42 years and 18 controls with the average age of 32 years participated. The last group worked (8 to 12) hours/day and 23 technicians with average age of 40 years and 23 controls with the average age of 34 years.

The purpose of the study was explained to all the participants. Two ml of blood was drawn from each participant and transfer to an EDTA tube. The samples were tested for hematological parameters by complete blood cells count (CBC) analyzer (Alpha Swelab, Sweden) to show any variation of lymphocytes and reactive lymphocytes between the groups.

Results {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} represents the measured data of the lymphocytes in controls and x-ray technicians for different exposure time. By comparing with the controls, significantly increasing value (p=0.0231) of lymphocytes was observed for the group getting working experience (1-7) years with average 7 hours/day. While, significantly increasing value (p=0.0144) of lymphocytes was observed for the second group working 7 hours/day. The lymphocytes count increased slightly in the other groups.

###### 

Mean and standard deviation (SD) of Lymphocytes count for the control groups and x-ray technicians.

  Group   Average Working hours/day   (mean ± SD) of Lymphocyte×10^9^ l^-1^   P-Value                                                    
  ------- --------------------------- --------------------------------------- --------------- ------------------------------------------ ------------------------------------------
  1-7     years                       7                                       2.49 ± 0.472    2.9 ± 0.82                                 (0.0231)[\*](#t1f2){ref-type="table-fn"}
  8-21    6                           2.456 ± 0.488                           2.688 ± 0.619   (0.1479)[NS](#t1f1){ref-type="table-fn"}   
  1-6     hours/day                   3                                       2.638 ± 1.059   2.8 ± 0.823                                (0.6679)[NS](#t1f1){ref-type="table-fn"}
  7       7                           2.367 ± 0.451                           2.889 ± 0.731   (0.0144)[\*](#t1f2){ref-type="table-fn"}   
  8-12    9                           2.426 ± 0.475                           2.691 ± 0.727   (0.1503)[NS](#t1f1){ref-type="table-fn"}   

Non Significant

\< 0.05 = Significant

[Table 2](#T2){ref-type="table"} represents the measured data of the reactive lymphocytes in controls and x-ray technicians for different exposure time. Highly significant increasing value was observed for reactive lymphocytes (P=\<0.0001) for all the groups in comparing with their control. [Figures 1](#JBPE-9-127-g001.tif){ref-type="fig"} and [2](#JBPE-9-127-g002.tif){ref-type="fig"}, show reactive lymphocytes for x-ray technicians according to work experience compared with the lymphocyte. Changes in the lymphocytes morphology were observed clearly.

###### 

Mean and standard deviation (SD) of Reactive lymphocytes count for the control groups and x-ray technicians.

  Group   Average Working hours/day   (mean ± SD) Reactive lymphocyte   P-Value                                                         
  ------- --------------------------- --------------------------------- --------------- ----------------------------------------------- ----------------------------------------------
  1-7     years                       7                                 1.03 ± 1.18     8.59 ± 6.2                                      (\<0.0001)[\*\*](#t2f1){ref-type="table-fn"}
  8-21    6                           0.76 ± 0.93                       5.8 ± 4.29      (\<0.0001)[\*\*](#t2f1){ref-type="table-fn"}    
  1-6     hours/day                   3                                 1 ± 1.08        5.31 ± 3.25                                     (\<0.0001)[\*\*](#t2f1){ref-type="table-fn"}
  7       7                           0.94 ± 1                          8.44 ± 5.83 4   (\<0.0001)[\*\*](#t2f1){ref-type="table-fn"}    
  8-12    9                           0.78 ± 0.95                       7.52 ± 6.18     (\< 0.0001)[\*\*](#t2f1){ref-type="table-fn"}   

highly significant

![a) Lymphocyte of a control; b) Reactive lymphocyte of diagnostic technicians work 1 years; c) Reactive lymphocyte of diagnostic technicians work 11 years; d) Reactive lymphocyte of diagnostic technicians work 15 years; e) Reactive lymphocyte of diagnostic technicians work 16 year.](JBPE-9-127-g001){#JBPE-9-127-g001.tif}

![a) Lymphocyte of a control; b) Reactive lymphocyte of diagnostic technicians works 1 hours; c) Reactive lymphocyte of diagnostic technicians works 2 hours; d) Reactive lymphocyte of diagnostic technicians works 8 hours; e) Reactive lymphocyte of diagnostic technicians works 10 hours.](JBPE-9-127-g002){#JBPE-9-127-g002.tif}

Discussion {#sec1-4}
==========

Effects of ionizing radiations on blood cells have been well documented and it is assumed that the effects contribute to hematopoietic syndrome which is observed in animals and humans after total body irradiation \[[@ref7]\]. Diagnostic technicians may be exposed to low doses of x-ray during their work especially if they do not obey the radiation protection tools while we were observing them at the hospital in which we had done our study. While exposure to radiation for the technicians during individual procedure is low, but an occupational hazard increases from accumulative effects of exposure over a time (stochastic effects). Exposure from daily procedures over a long time may cause serious, long-term and possibly fatal adverse health consequences \[[@ref8]\].

In this study the investigated samples were divided into groups depending on their work experience and daily hours working. Highly significant increasing value was observed for the reactive lymphocytes parameter in all groups compared with the controls while significant increasing value of lymphocytes for the groups (1-7) years and 7 hours/day was observed only. This means that the chronic exposure to x-ray can alter lymphocytes and reactive lymphocytes of the technicians. A slight increase in lymphocytes in the groups (8-21) years with average 6 hours/day, (1-6) hours/day with average 3 hours and (8-12) hours/day with average 9 hours are also recorded. The effect of radiation on reactive lymphocytes was greater than that of lymphocyte, this may be due to the radio-sensitivity of lymphocytes which are less than that of reactive lymphocytes and the repair mechanisms of lymphocytes is carried out faster than that of reactive lymphocytes.

Saman Shahid et al. showed the parameters: hemoglobin (Hb), white blood cells (WBC), platelet (PLT), hematocrit (HCT), mean corpuscular hemoglobin (MCH), mean cell hemoglobin concentration (MCHC) and neutrophil decreased while only two parameters red blood cells (RBC) and lymphocytes increased after exposure to low-dose long-term natural terrestrial ionizing radiation \[[@ref9]\]. There is a good match between our investigated results and this study since the significantly increasing value in lymphocytes of the x-ray technicians was observed.

The immunity of the workers can be affected by the chronic exposure to ionizing radiation \[[@ref10]\]. Reduction and re-constitutive capacity of hematopoietic stem cells depend on the absorbed doses \[[@ref11],[@ref5]\].

In our study, we clearly observed the change in morphology of the lymphocytes of x-ray technicians. Studies on the effects of ionizing radiation on morphology of lymphocytes are limited while some studies conducted on RBC cells. Potential applications have been reviewed by Green stock et al. to correlate membrane damage to observe doses of radiation \[[@ref12]\], Shish kina et al. concluded that exposures to low doses of gamma and x-rays showed a high sensitivity of characteristics of the lipid metabolism in erythrocyte \[[@ref13]\]. Allehyanim et al. studied the effects of γ-rays in the dose rate range 0-5.6 Gy on RBCs membrane solubilization of rat's erythrocytes using sodium dodecyl sulfate (SDS). The results demonstrated a shift in the detergent critical concentration of irradiated dose. Blood films for in-vivo rats showed irregular shaped red blood cells, while those photos graphed 10 days after irradiation showed some sort of repair \[[@ref14]\].

Conclusion {#sec1-5}
==========

Based on the results, It can be concluded that both lymphocyte and reactive lymphocytes parameters of x-ray technicians significantly altered by the chronic exposure to x-ray and the number of working hours per day has discernible effects on lymphocyte morphology. The parameter lymphocytes increased significantly and high-significant increasing value was recorded for the parameter reactive lymphocytes. The x-ray technicians informed about the results and explained the importance of using radiation protection tools in order to avoid any overexposure during their daily lives.
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